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(54) Prepolymer material, polymer material, imprinting process and their Use 



(57) The invention relates to a prepolymer material 
base(d on monomeric, oligomeric or polymeric com- 
pounds with at least one ethylenlcally unsaturated 
(meth)acryloyl group. The problem of imperfect imprint- 
ing properties, escpeclally of an unwanted adhering to 
the Imprinting stamp or mold, is circumvented by a f luor- 
inated organo silane surfactant as an additional compo- 
nent of the prepolymer material. Furthermore, the inven- 



tion describes an imprinting process forthe manufacture 
of polymer articles with relief on their surface. Better re- 
lease properties of the polymer article from the stamp 
or mold are accomplished by applying a surfactant, 
comprising a fluorinated organo silane, onto the surface 
of the mold or stamp. 
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Description 

Field of Invention 



[0001 ] The invention relates to a prepolymer material 
and a polymer material obtainable by polymerization of 
this prepolymer material. Furthennore, the invention re- 
lates to an Imprinting process for the manufacture of pol- 
ymer articles with relief on their surface using at least 
one mold or stamp with relief on its printing surface be- 
mg structured inversely to the relief of the polymer arti- 
cles. Thus, the invention also relates to polymer articles 
with relief on its surface obtainable by the inventive im- 
printing process. In addition, the invention relates to us- 
es of the prepolymer material according to the invention 
for manufacture of polymer articles with relief on Its sur- 
face by an imprinting process. The invention also relates 
to a polymer electronic device. 

Background and Prior Art 

[0002] Polymer electronic devices, like e.g. organic 
light emitting diodes (OLEDs), organic field effect tran- 
sistors (OFETs) and polymeric integrated circuits, are 
currently the object of intense research. One major ad- 
vantage of polymer materials are the lower production 
costs compared to the conventional silicon based elec- 
tronic devices, especially when a high number of pieces 
and/or large areas with electronic and/or optical func- 
tionalities are involved. A further advantage concerns 
the mechanical flexibility of such polymer based devic- 
es. Typical device structures are illustrated in the papers 
by C.J. Drury et al., Applied Physical Letters, 73, 1998, 
108-110; Z. Bao, Advanced Materials, 12, 2000, 
227-230; M. Matters et al., Optical Materials, 12. I999! 
189-197; H. Sirringhaus et al., Applied Physical Letters 
77, 2000, 406-408; Z. Bao, J.A. Rogers and H.E. Katz' 
J. Mater Chem. 9, 1 999, 1 895-1 904; Z. Bao, Y. Feng et 
al., Chem. Mater. 9, 1997, 1299-1301. 
[0003] For polymer electronic devices to be commer- 
cially viable, a low cost, scalable manufacturing process 
must be developed. Typically OFETs are fabricated from 
many layers of organic materials and therefore many 
processing steps are required. Low cost processing of 
each layer is paramount and therefore techniques uti- 
lising stamping or printing are generally regarded as be- 
ing an inexpensive substitute for conventional lithogra- 
phy These techniques include, micro-contact printing, 
screenprinting and nano-imprinting. A promising ap- 
proach for large scale, low cost fabrication of source/ 
drain structures of a transistor is high -resolution stamp- 
ing (S. Y. Chou et al., Appl. Phys. Lett. 67, 1995. 
3114-3116). In this process, elastomeric stamps and 
molds are used to generate features as small as several 
10 nm. 

[0004] In general, Imprinting techniques (J.A. Rogers 
et al., Synthetic Metals 115, 2000, 5-11) require a stamp 
that is immersed Into a prepolymer material, which then 
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flows into the stamp features. On removal of the stamp 
the material must retain these features, and in essence' 
a negative image of the stamp is produced. The forma- 
tion of this image can arise from simply the fixing of the 
5 liquid to the substrate by optimised Interfaclal energies, 
or a hardening of the prepolymer material as it cools 
from the liquid into the glassy state, or as a result of a 
chemical reaction, often preferred photochemical, 
which crosslinks either a liquid polymer resin, Increasing 
^0 its glass transition above room temperature, or a liquid 
monomer, creating a polymer with a glass transition 
above room temperature. 

[0005] Imprinting techniques often utilise poly methyl 
(meth)acrylates (PMMA) as it exhibits good release 
15 properties from the stamp, and has only a small volume 
change (less than 0.5%) associated with large changes 
in temperature and pressure. This allows the material to 
be used in processes without loss of feature registration. 
However the processing involved in using PMMA is 
^0 complicated by the fact that the stamp/mold needs to be 
heated above the glass transition temperature of PMMA 
(approx. 1 05 °C). Also as the viscosity of the polymer is 
high, the time required to flow into the stamp features is 
long, which makes the process slow. 
25 [0006] Polydimethylsiloxane (PDMS) can also be 
used for imprint processing (A. Kumar and G.M. White- 
sides, Appl. Phys. Lett. 63, 1 993, 2002-2004). This type 
of material can be a liquid at room temperature, with low- 
er viscosity than PMMA, and undergo a chemical 
30 change after filling the stamp, which solidifies and cre- 
ates a pemianent negative image of the stamp. Oneway 
to impart this chemical change Is by a photo crosslinking 
process, requiring the resin to also contain a photoinltl- 
ator, and either a stamp or substrate which is transpar- 
35 ent to light at the frequency matching the photo initiator. 
However problems have been encountered with this 
material when small feature resolution, especially small- 
er than about 5 fim, is required. Often the resin will not 
release cleanly or easily from the stamp (see fig. 1 of 
40 said document). During the process of imprinting, a 
complete release is vital othenwise imperfections will ac- 
cumulate in the stamp and be reproduced during sub- 
sequent stamping steps. 

[0007] J.A. Rogers et al. (Applied Physics Letters, 73, 
45 1 998, 1 766-1 768) employed an acrylate-based prepol- 
ymer (NOA 72 from Norland Products, Inc.) among oth- 
er prepolymers for the manufacture of a distributed feed- 
back (DFB) resonator. Compared to PDMS this material 
releases more effectively from silica stamps. It forms 
50 smoother surfaces, and has little shrinkage. The release 
power of this material however is still not enough to pro- 
duce multiple identical imprints. 



55 



Aims of the invention 

[0008] It is an aim of this invention to provide a pre- 
polymer material which eliminates the problem of imper- 
fect imprinting and unwanted adhering to the imprint 
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stamp or mold. 

[0009] A further aim of this invention is to provide an 
imprinting process for the manufacture of polymer arti- 
cles with relief on their surface using at least one mold 
or stamp with relief on its printing surface, being struc- 
tured inversely to the relief of the polymer articles, which 
eliminates the problem of Imperfect imprinting and un- 
wanted adhering to the stamp or mold. 
[0010] Furthemnore it is an aim of this invention to 
present a use of the inventive prepolymer material and 
to provide a polymer material obtainable from this pre- 
polymer material. 

[0011] Furthermore, it is an aim of this invention to 
provide polymer articles with relief on their surface and 
polymer electronic devices, which are obtainable by im- 
printing processes and show essentially no imperfec- 
tions on their relief surface due to unwanted adhering 
during the imprinting process. 

[001 2] Other aims of the present invention are imme- 
diately evident to the person skilled in the art from the 
following detailed description. 

Definition of Temns 

[0013] The term polymer electronic device encom- 
passes all devices and components with electronic, 
preferably microelectronic, including electrooptical 
functionality, like e.g. resistors, diodes, transistors, inte- 
grated circuits, light emitting diodes and electrooptical 
displays in which at least one functionality like e.g. con- 
duction, semiconduction and/or light emission, is real- 
ized by a polymer and/or an organic material. Examples 
of such polymer electronic devices are organic light 
emitting diodes (OLEDs), organic field effect transistors 
(OFETs), and devices which contain a number of such 
components, like polymeric integrated circuits, e.g. con- 
taining OFETs, and active matrices, e.g. comprising thin 
film transistors (TFTs), of liquid crystal displays (LCDs) 
and other displays. 

[0014] The term Imprinting process includes all tech- 
niques where at least one stamp and/or mold with relief 
surface is immersed into a prepolymer material, which 
at least partly fills the relief, which subsequently is 
brought from the prepolymer to a hardened polymer 
state and where the hardened polymer material is re- 
leased from the mold or stamp . Thus the term imprinting 
process encompasses contact printing, Including micro- 
and nanocontact printing, continuous reel-to-reel print- 
ing, stamping, embossing and those imprinting process- 
es using elastomeric stamps and/or molds. Examples 
of these techniques are described In the documents cit- 
ed in the introduction and the literature cited therein. 
[0015] The term relief means at least one defined 
structure and/or pattern on the surface, like e.g. an 
edge, a step, a channel, a rib, a trench, a mesa, a grid, 
including their intersections and/or connections, which 
may be arranged in one level or two or more levels of 
different heights of the surface. Preferably at least one 



structure and/or pattern exhibits a smallest size in at 
least one dimension of smaller than 1 mm, preferably 
smaller than 100 fim, more preferably smaller than 10 
M-m, most preferably smaller than 1 ^un. 

Summary of the Invention 

[0016] One of the objects of the present invention is 
a prepolymer material comprising the components 

A: at least one monomeric, oligomeric or polymeric 
compound with at least one ethylenically unsaturat- 
ed (meth)acryloyl group, 

B: at least one crosslinking agent, 

C: at least one initiator for Initiating the polymeriza- 
tion of the material under appropriate reaction con- 
ditions, and 

D: at least one surfactant comprising a fluorinated 
organo silane. 



[0017] Another object of the present invention is apol- 
^5 ymer material obtainable by polymerization of the pre- 
polymer material according to this invention. 
[0018] A further object of this invention is an imprint- 
ing process for the manufacture of polymer articles with 
relief on their surface using at least one mold or stamp 
30 with relief on its imprinting surface, being structured in- 
versely to the relief of the polymer articles, comprising 
the steps 



10 



15 



20 



35 



40 



45 



50 



a) applying at least one surfactant, comprising a 
fluorinated organo silane, onto the surface of the 
mold or stamp, such that the Imprinting surface is 
at least partly coated with a thin film of the sur- 
factant, 

b) bringing the mold or stamp into contact with a 
prepolymer material such that the relief of the Im- 
printing surface of the mold or stamp is at least part- 
ly filled with the prepolymer material, 

c) polymerizing the prepolymer material while in 
contact with the mold or stamp, yielding a polymer 
article with relief on its surface, and 

d) releasing the polymer article from the mold or 
stamp. 



[0019] An additional object of this invention refers to 
a polymer article with relief on its surface obtainable by 
an imprinting process according to the invention. 
55 [0020] Furthermore, an object of this invention refers 
to a polymer electronic device characterized in that it 
comprises at least one polymer article according to the 
invention. 
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[0021 ] A further object of this invention refers to a use 
of a prepolymer material according to the invention for 
the manufacture of polymer articles with relief on its sur- 
face by an Imprinting process. 

5 

Detailed Description of the Invention 

[0022] The inventors have found that the addition of 
at least one surfactant comprising a fiuorinated organo 
silane (component D) to a prepolymer material compris- io 
ing the components A to C according to the Invention 
eliminates the problem of imperfect imprinting and un- 
wanted adhering to the imprint mold and/or stamp, 
[0023] Furthermore, the inventors have also found 
that the pretreatment of the imprinting mold or stamp 15 
according to the imprinting process of this invention re- 
sults in a complete release of the imprinted polymer ma- 
terial from the mold and/or stamp. 
[0024] Thus, according to both findings of the inven- 
tors, in which at least one surfactant, comprising a fiuor- 20 
mated organo silane, is used, polymer articles having 
an essentially perfect relief surface can now be ob- 
tained. As no parts of the prepolymer or polymer mate- 
nal IS left In the mold or stamp after one imprinting cycle, 
the mold or stamp can be used many times without car- 25 
rying over Imperfections from one cycle to the next. 
Therefore many essentially perfect imprints can be gen- 
erated from a single mold or stamp. Using the inventive 
Idea, it is now possible to employ imprinting techniques 
for the low cost and/or high-speed fabrication of a high 30 
number of pieces and/or large areas, in particular con- 
tinuous reel-to-reel imprinting processes. Thus, the in- 
vention Is an essential step for providing polymer arti- 
cles with relief surface, in particular polymer electronic 
de v.ces, with high reliability at low costs. 35 
[0025] The composition of the prepolymer material, 
especially of the component A and B, which are prefer- 
ably the major component, is chosen with regard to an 
optimisation of its processing properties, in particular 
with regard to one or more of the following requirements: 40 

• Liquid at room temperature, i.e. at about 20°C. 

• Viscosity low enough to allow capillary flow into the 
relief features of the surface of the mold and/or 
stamp, preferably a viscosity < 500 mPas, more 45 
preferably < 250 mPas. A low viscosity is preferred 
to achieve fast filling times of the mold or stamp. 

• Transparency of the prepolymer material in the 
wavelength range, used for photo-polymerization. 

• Crosslinks when exposed to UV light In the pres- so 
ence of a photoinitiator. 

• Allows short process times, most preferably without 
any drying or heating in curing operations required. 

• Shows low shrinkage, preferably less than 1%, 
more preferably less than 0.5 %. ' 55 

• Transfers and retains the resolution of the relief of 
the mold or stamp. 

• Yields a highly uniform polymer material, in partic- 



ular a coherent polymer film overthe whole imprint- 
ing area, e.g. of a 12 inch wafer. 

• Gives planar and smooth surface, especially a flat 
surface where the mold or stamp exhibits no relief 
feature. 

• Sufficient mechanical properties of the resulting 
polymer material. 

[0026] Preferably the component A comprises (meth) 
acryloyi polymerizable materials with or without copoly- 
merizable components. The (meth) is indicating that the 
polymerizable materials may be methacrylic or acr/lic 
materials. Mixtures of (meth)acryloyl and copolymeriz- 
able materials may be used. Useful materials include 
monomers, oligomers, polymers and copolymers of 
acrylic acid, methacrylic acid, acrylates, methacrylates 
polyvinylacetates and polystyrenes. Preferred acrylates 
are allcyl acrylates and alkyi methacrylates, wherein 
alkyi has 1 to 12 C-atoms. Examples of preferred acr- 
ylates are methyl acrylate, ethyl acrylate and n-butyl acr- 
ylate. Examples of preferred alkyi methacrylates are 
methyl methacrylate, ethyl methacrylate, n-butyl meth- 
acrylate and isobutyl methacrylate. 
[0027] Preferably the component A of the prepolymer 
material comprises one (meth) acrylate based monomer 
or a blend of two or more (meth) acrylate based mono- 
mers. The (meth)acrylate based monomer is preferably 
a mercapto ester (meth) acrylate monomer. 
[0028] Furthemriore, the component A preferably 
comprises at least one tetrahydrofurfuryl (meth)acr- 
ylate. 

[0029] Most preferably, the component A is a blend of 
two or more (meth)acrylate based monomers including 
at least one tetrahydrofurfuryl (meth)acrylate. 
[0030] The crosslinking agent of component B Is a 
multifunctional component capable of crosslinking at 
least one compound of component A. Preferably the 
component B comprises at least one poly(meth)acryloyl 
material with 2, 3, 4, 5, 6 or more ethylenically unsatu- 
rated (meth)acryloyl groups on a monomer. Suitable 
components B may include such materials as polyacryl- 
ic or polymethacrylic acid esters of polyhydric alcohols, 
preferably with a straight chain, branched or cyclic 
aliphatic group having 2 to 12 C-atoms and 2 to 6 OH- 
groups. Preferred poly (meth)acrylates of polyhydric al- 
cohols are: 

• dl(meth)acrylic acid esters of aliphatic diols such as 
ethyleneglycol, triethyleneglycol, 2,2-dimethyl- 
1 ,3-propanediol, 1 ,3-cyclopentanediol, . 

• tri(meth)acrylic acid esters of aliphatic triols such as 
glycerin, 1 ,2,3-propanetrlmethanol, 1 ,2,5-pentane- 
triol, 1 ,3,6-hexanetriol, 

• tetra(meth)acrylic acid esters of aliphatic tetraols 
such as 1 , 1 ,3,3-tetramethylolpropane and pentaer- 
ythritol, and 

► the penta- and hexa- counterparts of these com- 
pounds. 
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[0031] The component C is at least one initiator for 
Initiating the polymerization of the mixture under appro- 
priate reaction conditions. Initiators for the polymeriza- 
tion of compounds with ethylenlcally unsaturated (meth) 
acryloyi groups are known to the person skilled in the s 
art. In principle, the polymerization may be Initiated by 
an initiator which sets free radicals or ions upon rising 
the temperature, altering the pH, exposing to electro- 
magnetic or particle radiation orto reactive compounds. 
Photoinitiators, in partbular being capable of producing io 
free radicals or cations upon exposure to actinic radia- 
tion, especially UV light in the range of 315 to 400 nm, 
are preferred. Suitable photoinitiators include, but are 
not limited to photoacids such as diaryliodonium salts, 
tharylsulfonium salts and s-triazines. Preferred photoin- is 
itiators are free radical photoinitiators, for example acy- 
loln and derivatives thereof , e.g. benzoin, benzoin me- 
thyl ethers, diketones, such as benzil and diacetyl phe- 
nones such as acetophenone, 2,2,2-tribromo-1-phe- 
nylethanone, 2,2-diethoxyacetophenone, benzophe- 20 
none, and the like. 

[0032] The component D is at least one surfactant, 
comprising afluorinated organo silane. Especially those 
surfactants yield very good imprinting results which 
have both hydrophobic and lipophobic groups. 25 
[0033] A preferred surfactant is a fluorinated organo 
silane of formula I 



(RO)^SIR' 



4-n 



wherein 



n is 1, 2, 3 or 4. 



(RO)3SIR' la 

wherein 

R is a straight chain, branched or cyclic alky! group 



30 



R' are Independently of each other straight chain, 
branched or cyclic alkyi groups with 1 to 15 C-at- ^5 
oms, wherein one or more H-atoms may be substi- 
tuted by fluorine and/or chlorine, preferably by flu- 
orine, and wherein at least one of the four groups 
R, R' comprises one or more fluorine atoms and 



40 



[0034] If R and/or R' occur twice or more in a deriva- 
tive of formula I or la. they have identical or different 
meanings. Preferably at least one group of R, R' is an 
alkyI group as defined above, wherein at least two H- 
atoms are substituted by fluorine. Preferred meanings 
of n are 2 or 3, most preferably 3. 
[0035] Preferred fluorinated organo silanes are of for- 
mula la . 



so 



5S 



with 1 to 6 C-atoms, and 

R' is a straight chain, branched orcyclic alkyI groups 
with 3 to 1 5 C-atoms, wherein two or more H-atoms 
are substituted by fluorine. 

[0036] Preferably R' is a group of the formula CF3 
(CF2)x(CH2)y- with x and y being equal or different from 
0 to 6, preferably 1 , 2, 3, 4 and/or 5. 
[0037] Preferred groups R are methoxy, ethoxy, n- 
propoxy, n-butoxy, n-pentoxy and n-hexoxy. 
[0038] The concentration of the surfactant within the 
composition of A, B and C has to be chosen high enough 
In order to yield sufficient release properties from the 
mold or stamp. On the other hand, the concentration of 
the surfactant should be low enough In order to prevent 
phase separation from the prepolymer material, which 
could result in undesirable surface imperfections. The 
suitable amount can be calculated from the surface area 
of the mold and total surface areas that are involved. 
The lower limit is preferably 0.01 mg/m^, most prefera- 
bly 1 mg/m2. The upper limit is preferably 1000 mg/rn^, 
most preferably 1 00 mg/m^. 

[0039] Preferred values of the lower limit of the com- 
ponents are: 

• component A: 1 0 % by weight, most preferably 60 
% by weight. 

• component B: 0.1 % by weight, most preferably 1 
% by weight. 

• component C: 0.01 % by weight, most preferably 
0.1 % by weight. 

• component D: 0.001 % by weight, most preferably 
0.005 % by weight. 

[0040] Preferred values of the upper limit of the com- 
ponents are: 

• component A: 99.8 % by weight, most preferably 99 
% by weight. 

• component B: 90 % by weight, most preferably 40 
% by weight. 

• component C: 1 0 % by weight, most preferably 5 % 
by weight. 

• component D: 1 % by weight, most preferably 0.1 

% by weight. 

[0041] A very preferred composition is characterized 
by their contents of 

• component A: 80 to 99 % by weight, 

• component B: 1 to 20 % by weight, 

• component C: 0.1 to 5 % by weight, 

• component D: 0.005 to 0.1 % by weight. 

[0042] The inventors have found a composition of an 
adhesive NOA (a brand name of Norland Products Inc.), 
in particular the adhesive NOA 72, and at least one sur- 
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factant comprising a fluorinated organo sllane, that ful- 
fills the above described requirements. Including the 
very low adhesion properties to the mold or stamp. 
Thus, even relief surfaces with a smallest size In at least 
one dimension of smaller than 1 ^m can be Imprinted 
leading to essentially perfect results. A preferred com- 
position based on a NOA adhesive comprises 50 to 
1000 ppm of at least one surfactant according to this 
invention, in particular the surfactants described as pre- 
ferred in the foregoing. 

[0043] According the product Information of Norland 
Products, Inc., NOA 72 is a commercially available ad- 
hesive., which is cured by ultraviolet light . between 315 
and 400 nm and visible light between 400 to 450 nm. 
The peak absorption wavelengths are 320, 365 and 420 
nm. Full cure requires 5 Joules/cm2 of energy between 
315 and 450 nm. NOA 72 is an optically clear, liquid ad- 
hesive, which does not require premixing. frying or heat 
curing, which results in a 100% solid and which is used 
for optical bonding applications. NOA 72 has a viscosity 
of 155 cps at 25-C. The cured polymer material has a 
refractive index of 1 .56, a hardness of 75 (Shore D) a 
dielectric constant of 3.98 (at 1 MHz) and a volume re- 
sistivity of 7.37x1 C^Qcm. 

[0044] In the following preferred embodiments and 
variants of the imprinting process according to the in- 
vention are described. 

[0045] According to step a), at least one surfactant, 
comprising a fluorinated organo silane, is applied onto 
the surface of the mold or stamp, such that at least a 
part of the Imprinting surface is coated with a thin film 
of the surfactant. Preferred techniques are spin coating, 
spraying, vapor deposition and/or dip coating, which ap- 
ply the surfactant itself or a solution containing the sur- 
factant. The incorporation of the surfactant into a suita- 
ble solvent may reduce production costs and facilitate 
the processing. Suitable solvents are for example water, 
hydrocarbons, like toluene, ketones, like butanone or 
methyl ethyl ketone, and their mixtures. If a solvent is 
used, it is advantageously evaporated before perform- 
ing step b). The surfactant is preferably applied at a tem- 
perature from 0*>C to 120°C, in particular from 15-C to 
40«C. Good imprinting results are achieved, when the 
surfactant is applied as a uniform thin film over the im- 
printing surface of the mold or stamp. The thickness of 
the thin film Is preferably smaller than 500 nm, In partic- 
ular smaller than 1 0 nm. Preferably the surfactant is ap- 
plied onto the surface of the mold or stamp as a contin- 
uous monolayer, which may be self-assembled. It has 
proven as an advantage, that initially the stamp or mold 
IS treated over a period of at least 5 min., in particular 
of at least 1 h and up to 24 h or even longer, to ensure 
complete coverage and ordering of the surfactant. 
Shorter treatment times can be used to restore the sur- 
factant film or layer, i.e. when the stamp has previously 
been treated. After the stamp Is treated with the sur- 
factant, excess surfactant can be spun or blown off of 
the stamp. 



[0046] Those surfactants, comprising a fluorinated or- 
gano sllane, are especially suited, which are described 
as preferred in the foregoing. Very preferably step a) is 
carried out using one or more fluorinated organo silanes 

5 of fonnula I as defined above. 

[0047] According to step b), the mold or stamp is 
brought into contact with a prepolymer material such 
that the relief of the imprinting surface of the mold or 
stamp is at least partly filled with the prepolymer mate- 

10 rial. Usually, the relief surface of the mold or stamp is 
pressed onto the prepolymer material such that the pre- 
polymer material advantageously completely fills the re- 
lief of the imprinting surface. The imprinting depth may 
be as small as several micrometers or even smaller than 

15 1 ^m. Hereby applicable imprinting techniques are de- 
scribed In the introduction and in the definition of terms 
section, the cited documents and the literature cited 
therein. 

[0048] Preferred molds or stamps are made of mate- 
^0 rials being structurizable in the micrometer and/or na- 
nometer range by techniques known to the expert, es- 
pecially in the field of microelectronics, micro- and nan- 
otechnology, including lithographic processes, laser 
and electron beam writing. Those structuring tech- 
25 Piques are preferred which yield a surface roughness 
being in an order of 10 times smaller than the smallest 
size of the relief. If photoinitiators are used, the mold or 
stamp, or If the prepolymer material is coated on a sub- 
strate, at least the substrate is advantageously trans- 
it? parent in at least a wavelength range wherein the pho- 
tolnitlator is capable of starting the polymerization. 
[0049] A preferred process Is characterized in that a 
prepolymer material is used, comprising the compo- 
nents 

35 

A: at least one monomeric, oligomeric or polymeric 
compound with at least one ethylenically unsaturat- 
ed (meth)acryloyl group. 



40 
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B: at least one crossllnking agent, and 

C: at least one initiator for initiating the polymeriza- 
tion of the prepolymer material under appropriate 
reaction conditions. 



[0050] Preferably those components A, B and/or C 
and their contents are used which were described as 
preferred in the foregoing. 

[0051] Most preferably a prepolymer material accord- 
50 ing to the Invention, comprising the components A, B, C 
and D, is used. According to this embodiment the adhe- 
sion of the polymer material to the mold or stamp is dras- 
tically decreased by the surfactant applied to the mold 
or stamp surface and also supported by the surfactant 
55 being the component D of the prepolymer material. But 
the inventive imprinting process also yields good Im- 
printing results using prepolymer materials not compris- 
ing a surfactant according to the invention, i.e. the sur- 
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factant being already coated on the mold or stamp. 
[0052] According to step c), the prepolymer material 
IS polymerized while in contact with the mold or stamp, 
yielding a polymer article with relief on its surface. The 
polymerization process Is initiated according to the i 
chemical species of the employed initiator. Initiation by 
actinic radiation, in particular by UV and/or visible light, 
is preferred, but it may also be perfonned by heating of 
the prepolymer material. In the case of photoinitiation, 
the prepolymer material has to be irradiated, requiring n 
the mold or stamp and/or a substrate, if the prepolymer 
is pressed against the substrate by a stamp, being trans- 
parent at least in a region of the employed wavelength 
range. Suitable transparent materials for the mold, 
stamp and/or substrate encompass silica, glass and n 
quartz, which may be microstructured by known meth- 
ods. In particular lithography and etching techniques. 
Curing times shorter than 10 sec, preferably shorter 
than 3 sec, are advantageous In view of a low cost pro- 
duction of a high number of articles. 20 
[0053] According to step d), the polymer article is re- 
leased from the mold or stamp. This can be accom> 
plished by known methods, especially in the field of im- 
printing and molding techniques, like e.g. using ejection 
devices. If the formed polymer article is pressed against 25 
a substrate by a mold and/or stamp during the steps b) 
and c), the polymer article may also be released from 
the substrate, or alternatively It may be kept on the sub- 
strate, what may be advantageous for transporting the 
polymer article to the next fabrication step and/or the 30 
substrate may even become an integrated part of the 
fabricated article. It Is the special advantage of this in- 
vention that the release of the polymer article from the 
mold and/or stamp is easily performable without that any 
polymer material remains in the relief surface of the 35 
mold and/or stamp. Thus, according to this invention it 
is In general not necessary that an additional step for 
cleaning the mold and/or stamp has to follow. 
[0054] It is obvious to the one skilled in the art that 
employing the Imprinting process according to this In- 40 
ventlon not only one polymer article but a number of pol- 
ymer articles may be fabricated simultaneously In each 
process cycle, whereby continuous processes, like e.g. 
reel-to-reel-techniques, are most preferred. 
[0055] Ideally the mold or stamp is coated only once 45 
according to the invention. But usually after a number 
of imprinting cycles the surfactant has to be coated 
again onto the mold or stamp surface due to wear and 
loss into the polymer material. This number of cycles, 
which may be between 1 and 1 0^, depends on the em- so 
ployed polymer material, the surfactant, the material 
and features of the mold or stamp and on the process 
parameter, like temperature, pressure, velocity etc.. 
[0056] The polymer article according to the invention, 
which is obtainable by the imprinting process described 55 
above, has preferably at least one structure and/or pat- 
tern which exhibits a smallest size in at least one dimen- 
sion of smallerthan 1 0^m, more preferably smaller than 



1 Jim, most preferably equal to or smallerthan 100 nm. 
The polymer article is preferably based on a polymer 
material obtainable by polymerization of a prepolymer 
material comprising at least the components A, B and 
C according to this Invention. It may comprise other 
structured or non -structured parts of the same or differ- 
ent materials. 

[0057] The prepolymer material as well as the imprint- 
ing process according to the invention is advantageous- 
' ly useful for the manufacture of polymer . electronic de- 
vices and their components. Examples are thin film tran- 
sistors, OFETs, OLEDs, large area driving circuits for 
displays, in particular LCDs, photovoltaic applications 
and low-cost memory devices, such as smart cards, 
electronic luggage tags, ID cards, credit cards, tickets 
etc.. The polymer article according to this invention is 
used preferably as a substrate or even a dielectric, In- 
cluding insulator material with a relief surface, whereby 
the relief features possess functionalities themselves, 
like e.g. mechanical and/or optical functionality, and/or 
relief features are filled with materials possessing the 
desired functionality, like e.g. conductive, semiconduc- 
tive, optical, photo- or electroluminescent properties. 
[0058] A preferred example Is an OFET or a number 
of OFETs, where the insulating substrate exhibits chan- 
nels for the uptake of the source and drain material. The 
substrate has a layer thickness of about 50 to 1000 nm. 
The channels may be aligned partly in parallel and form 
an Interdigital structure. The substrate Is made of the 
inventive prepolymer material and/or by the inventive 
imprinting process. The imprinting process defines the 
channels, which are subsequently filled with a conduc- 
tive material to build the source and drain structures of 
the OFET. Further production steps of such an OFET 
include coating with a semiconductor material, followed 
by a dielectric film. Onto the dielectric film, opposite to 
the semiconductive material and/or between the source 
and drain electrodes, a gate material is applied. The 
source, drain and gate materials may be electrically con- 
nected to electrodes. The whole device may be sealed 
in an encapsulating material. The general structure and 
the fabrication of OFETs is described In detail in the cited 
literature. 

[0059] Further advantageous applications forthe pre- 
polymer material, the imprinting process and the poly- 
mer articles according to the invention are micro- and 
nanostructured polymer articles, like e.g. micromechan- 
ical, -electromechanical, -optical or -fluidic devices or 
components of these. Examples of such devices are 
pressure or acceleration sensors, electrical and/or opti- 
cal switches or connectors, optical gratings or reflectors, 
microreaction components, biochips and microanalyti- 
cal devices. 

[0060] The complete disclosure of all applications, 
patents and publications mentioned hereinbefore and 
hereinafter is introduced into this application by way of 
reference. 

[0061] From the foregoing description, one skilled in 
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the art can easily ascertain the essential characteristics 
of this invention, and without departing from the spirit 
and scope thereof, can make various changes and mod- 
ifications of the invention to adapt it to various usages 
and conditions. 

Examples 

[0062] The following examples are set forth to further 
Illustrate the present invention and should not be con- 
strued as limiting the spirit or scope of the invention. 

1 . Prepolymer material 

[0063] Composition: 

Component 1 99.9 % by weight NOA 72 from Noriand 
Inc. 

Component 2 0.1 % by weight F8261 from Degussa 
[0064] The component 2 comprises tridecafluor-1 J , 
2,2-tetrahydrooctyl-1 -triethoxysilane and is used as the 
organo silane surfactaht according to the invention. 
[0065] The properties of this prepolymer material, 
consisting of the components 1 and 2 as defined above' 
are essentially the same as specified for the prepolymer 
alone. It shows a viscosity of 155 mPas at 25°C. The 
main difference Is a lower surface energy of the cured 
polymer. The cured polymer material has a refractive in- 
dex of 1 .56, a hardness of 75 (Shore D), a dielectric con- 
stant of 3.98 (at 1 MHz) and a volume resistivity of 
7.37x1 Qcm. 

2. The stamp 
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2. 1 Structure of the stamp 

[0066] A disc of a diameter of 2.5 cm and a thickness 
of 5 mm made from highly polished quartz glass is used. 
One surface contains a relief structure of feature size 
from 1 ^m to 5000 ^m in the two dimensions parallel to 
the surface, i.e. in width or length, and a feature depth 
of about 1 (xm. The pattern can be described as a 
source-drain interdigitated finger structure with a chan- 
nel width of about 1 ^m. The area with the relief structure 
has a diameter of 2 cm and is positioned centrally within 
the stamp surface. The surface of the stamp can be 
structured by photolithographic or electron beam lithog- 
raphy techniques. 

2.2 Cleaning of the stamp surface 

[0067] The imprinting surface of the stamp is thor- 
oughly cleaned by treating the stamp with water, ace- 
tone and iso-propanol, each consecutively for at least 
10 min in an ultra sonic bath. 

2.3 Pretreatment of the stamp surface 

[0068] The stamp is treated with a sufficient volume 



(about 100 mg) of the surfactant F8261 so that the 
stamp surface is completely covered. The surfactant is 
left on the stamp surface for about 20 hours at about 
20°C. Shorter treatment times can be used when the 
stamp has previously been treated. After the stamp is 
treated with the surfactant, excess surfactant is blown 
off of the stamp. At least a self assembled monolayer 
(SAM) of surfactant remains. 

3. Imprinting process 

[0069] A clean, highly polished silicon wafer substrate 
is clamped horizontally and to its upper side about 100 
mg of the prepolymer material as defined above is add- 
ed to the centre. The stamp with the pretreated surface 
as described above is also clamped horizontally and is 
brought into close proximity to the silicon wafer fonning 
a gap of 4 microns, which Is filled with the prepolymer 
material by capillary action. Excess prepolymer flows to 
the edge of the stamp. 
[0070] The prepolymer material is photopolymerized 
by exposu re through the upper side of the quartz stamp 
Light of 365 nm and 5 mW/cm2 Is used for a duration of 
6 min. 

25 [0071] The stamp is separated from the polymerized 
material and the silicon substrate. At this instant, com- 
petetive de-wetting occures where the polymer prefer- 
entially adheres to the substrate rather than the stamp 
The result is that a UV-cured replica of the relief struc- 
ture of the stamp is left remaining stuck to the substrate 
and the surfactant is left remaining as a continuous mon- 
olayer on the stamp. 

[0072] The fabricated polymer article shows a relief 
structure con-esponding to the inverted relief of the 
stamp. This structure is mechanically strong and level. 
A highly coherent polymer film is yielded, in particular a 
uniform layer over the whole imprinting area. A planar 
and smooth surface, especially a flat surface where the 
mold or stamp exhibits no relief feature, is obtained. Ad- 
ditionally, this structure can be reliably produced many 
times using this cycle. 
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Claims 

1 . Prepolymer material comprising the components 

A: at least one monomeric, oligomeric or poly- 
meric compound with at least one ethylenically 
unsaturated (meth)acryloy! group, 

B: at least one crosslinking agent, 

C: at least one initiator for initiating the polym- 
erization of the . material under appropriate re- 
action conditions, and 

D: at least one surfactant comprising a fluori- 
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8. 



9. 



nated organo silane. 

Prepolymer material according to claim 1 charac- 
terized in that the component A comprises one 
(meth) aery late based monomer or a blend of two or 
more (meth)acrylate based monomers. 

Prepolymer material according to claim 2 charac- 
terized in that the (meth) aery I ate based monomer 
is a mercapto ester (meth)acrylate monomer. 

Prepolymer material according to one ormore of the 
claims 1 to 3 characterized in that component A 
comprises at least one tetrahydrofurfuryl (meth)acr- 
ylate. 

Prepolymermaterlal accordingto one ormore of the 
claims 1 to 4 characterized in that the crosslinking 
agent of component B comprises 2 or more ethyl- 
enically unsaturated (meth)acryloyl groups. 

Prepolymer material accordingto one ormore of the 
claims 1 to 5 characterized in that the surfactant 
is a fluorinated organo silane of formula I 
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(RO),SiRVn 



wherein 



R, R' are independently of each other straight 
chain, branched or cyclic all<yl groups with 1 to 
1 5 C-atoms, wherein one ormore H-atoms may 
be substituted by fluorine and/or chlorine, and 
wherein at least one of the four groups R, R* 
comprises one or more fluorine atoms and 

n is 1, 2, 3 or 4. 

Prepolymermaterlal according to one ormore of the 
claims 1 to 6 characterized by their contents of 

component A: 80 to 99 % by weight, 
component B: 1 to 20 % by weight, 
component C: 0.1 to 5 % by weight, 
component D: 0.005 to 0 1 % by weight. 

Polymer material obtainable by polymerization of a 
prepolymer material accordingto one ormore of the 
claims 1 to 7. 

Imprinting process for the manufacture of polymer 
articles with relief on their surface using at least one 
mold or stamp with relief on its imprinting surface, 
being structured inversely to the relief of the poly- 
mer articles, comprising the steps 
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a) applying at least one surfactant comprising 
a fluorinated organo silane, onto the surface of 
the mold or stamp, such that the imprinting sur- 
face is at least partly coated with a thin film of 
the surfactant, 

b) bringing the mold or stamp into contact with 
a prepolymer material such that the relief of the 
imprinting surface of the mold or stamp is at 
least partly filled with the prepolymer material, 

c) polymerizing the prepolymer material while 
in contact with the mold or stamp, yielding a pol- 
ymer article with relief on Its surface, and 

d) releasing the polymer article from the mold 
or stamp. 

10. Imprinting process according to claim 9 character- 
ized in that a prepolymermaterlal is used, compris- 
ing the components 

A: at least one monomeric, oligomeric or poly- 
meric compound with at least one ethylenically 
unsaturated (meth)acryloyl group, 

B: at least one crosslinking agent, and 

C: at least one initiator for initiating the polym- 
erization of the prepolymer material under ap- 
propriate reaction conditions. 



11. 



Imprinting process according to claim 1 0 charac- 
terized by a component A and/or B as defined in 
one or more of the claims 2 to 5. 
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12. Imprinting process according to claim 9 character- 
ized in that a prepolymer material according to at 
least one of the claims 1 to 7 is used. 

13. Imprinting process according to one or more of the 
claims 9 to 1 2 characterized in that the surfactant 
Is a fluorinated organo silane of fonnula I as defined 
In claim 6. 



14. 



Polymer article with relief on its surface obtainable 
by an Imprinting process according to one or more 
of the claims 9 to 13. 



15. Use of a prepolymer material according to one or 
more of the claims 1 to 7 for the manufacture of pol- 
ymer articles with relief on its surface by an imprint- 
ing process. 

16. Use according to claim 15 characterized in that 
the polymer article is part of a polymer electronic 
device. 
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Polymer electronic device characterized in that it 
comprises at least one polymer article accordina to 
claim 14. 
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